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Synopsis

.Exposure of Chinese hamster ovary (CHO) and African green monkey kidney
(VERO) cells to T-2 mycotoxin resulted in several morphological changes which
appeared to be directly related to inhibition of protein synthesis, the basic
in vitro wechanism of action of the toxin. These changes, which occurred in
both cell types, included disassociation of »olysomes and mitochoudrial
cristae alterations. In addition, CHO cells Jdisplayed membrane bleb
formations which wera either a result of protein synthesis inhibition or a
specific early pathological responsel Bleb formations were not observed in
VERO cells. Similar morphological changes, were found in both cell types
exposed to established inhibitors of protein synthesis; puromycin or

anisomycin. .
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Introduction
T-2 toxin [3a-hydroxy-48,l15-diacetoxy-8=x (3-methylbutyryloxy)=-12,13=
epoxytrichothec~9~ene], is a potent mycotoxin produced by the Fusarium
speciesl. T-2, along with other trichothecene mycotoxins, is one of the most
potent inhibitors of eukaryotic protein synthesisz. The in vitro mechanism of
action of T-2 toxin involves its ability to bind to the 60S subunit of

ribosomes3’4, thereby blocking initiation of protein synthesiss. In addition,

T-2 toxin has been shown to cause disaggregation of polyribosomess’7.

Although much has been written about the structure and mode of action of
T-2 toxin, little information on its morpholsgical and ultrastructural effects
has been published. The aim of the current study is to correlate the
inhibition of protein synthesis by T-2 with rorphological observations in CHO
and VERO cell lines. 1In addition, observed changes will be compared with

other inhibitors of protein synthesis.

Exgerimental

Cultured cell lines

Established cell lines of Chinese hamster ovary (CHO) and African green
monkey kidney cells (VEKO) (Amer. Type Culture Collection, Rockville, MD) were
used in each experiment. Cells were maintained in Earles minimal essential
media (EMEM)(GIBCO, Grand Island, NY) supplemented with 10% fetal calf serum,
100 units/ml penicillin, 100 pg/ml streptomycin, 50 pyg/ml geutamycin and 2.5

ug/ml fungizone. Cultures were kept in a 37°C, 5% €0, incubator.




Toxin

T-2 toxin (Calbiochem—Behring, San Diego, CA) was maintained at a stock
concentration of 5 mg/ml in ethanc The purity of the toxin was determined
to be 992 by gas liquid chromatography and thin laver chromatography. Just
prior to use, T~2 toxin was diluted to the desired concentration in tissue
culture media. Cells used for either morphological examination or inmhibition
of protein syntheais were exposed to either 0.0l yg/ml or 1.0 uyg/ml T-2 toxin
for 1 or 12 hrs. Other experimental points included l or 12 hrs toxin

exposure followed by removal of toxin and incubation for 12 hrs in medium

ounly.-

Inhibition of Protein Synthesis Assay

CHO and VERO cells were seeded into 24-well tissue culture dishes
(Costar, Cambridge, MA) at a density of 8x104 cells/well, and incubated in a
37°C warm box. Medium H~199 (GIBCO, Grand Island, NY) vas supplemented with
102 fetal calf serum, 25 mM HEPES buffer, 100 units/ml penicillin, and 100
pg/ml streptomycin. The folloﬁing day, the medium was removaed and fresh
medium was added. Medium contained either no toxin (comtrols) or T-2 toxin at
a concentration of 0.0l or 1.0 yg/ml. Toxin was added in a reverse time
sequence (i.e. longest exposure first) so that all wells could be processed
simultaneously. At the appropriate time period, toxin was removed and the
wells rinsed with Hanks balanced salt solution (H3SS). Tritiated [3H] leucine
(144Ci/mM) (in culture medium), at a concentration of 2 uCi/ml, was added to
each well, and cultures were incubated for 30 min (37°C). Following leucine
incorporation, the cells were washed with HBSS and lysed with O0.1N NaOH., Half
8

of the lysed cell suspension was used for determination of total proteins,

and half was used for protein synthesis determina:ionsg. Protein aynthesis



values were normalized for total protein content in each well and represented

the mean of 4 samples per time point. Final values represent percent

inhibition of protein synthesis values in treated cells versus controls.

Morpholiogic Examination

Cultures for morphology and ultrastructure studies were seeded into .
Leightor tubes (Costar, Cambridge, MA) at a density of 5 x 105 cells/tube in
complete EMEM. Each tube contained a plastic (polyuethylpentene) coverslip on
which the cells formed confluent monolayers. The portion of the coverslip to T E—
be used for scanning (SEM) (aMRay, Bedford, MA) and transmission electron
microscopy (TEM) (JOEL USA, Medford, MA) was processed as previously
describedLo. After fixation, a portion of the coverslip was excised and -
exarined either by phase contrast or stained for light microscopy (LM)
examination. In this manner, the same monolayer (i.e. coverslip) was .
processed for examination by phase contrast, bright field, and SEM and TEM =

exz2mination.

Antibiotic Studies

Both puromycin and anisomycin were obtained from the Sigma Chemical
Company, St. Louls, MO, Puromycin was dissolved in culture medium and added
to confluert CHO or VERO cell cultures (Leighton tubes) at a concentration of
35 yg/ml or 100 pg/ml, respectively. Anisomycin was dissolved in ethanol and é;
diluted in culture medium to a concentration of 0.06 pg/ml for CHO cultures
and 0.0l pg/ml for VERO cultures. Doses of both puromycin and anisomycin were
chosen to approximate the percent inhibition of protein synthesis (% IPS) ;i
caused by 1.0 yg/ml of T=2 for ! hr in CHO and VERO celis (Dr. John :

Middlebrook, personal communication). This was done to preclude morphological




changes which might be dosage~dependent. Identical time points were used, and

coverslip cultures of each cell type were processed for LM, SEM, and TEM

examination.

Results

Table 1 illustrates inhibition of pro:ein synthesis by T-2 toxin in CHO
and VERO cells. In CHO cells, protein synthesis was approximately 80Z of
controls after 12 hrs exposure to 0.0l yg/ml T-2 toxin. Twelve hrs after
washing out the toxin there was a complete recovery of protein synthesis. At
the same concentration of T-2 toxin, VERO cells appeared to be more sensitive,

with protein synthesis 23% of controls after 12 hrs. When toxin was removed,

recovery was nearly complete.

At 1.0 yg/ml, protein synthesis dropped to 16X of controls by 12 hrs in
both cell types. Removal of toxin and replacement by culture medium resultad
in no appreciable recovery of the protein synthesis capability of either cell
type. Compared to the lower toxin dose, there was no appreciable difference
between CHO and VERO cells in their response to inhibition of proteln
synthesis. At the higher toxin dose, a longer toxin exposure (12 hrs versus 1
hr) did not further decrease protein synthesis.

Light wicroscope examination of control CHO (Fig. 1A) and VERO (Fig. 1B)
cultures revealed few differences. VERO cells occupied a larger surface area
on the substrate than CHO and were more epithelial in appearance. When both
cultures were exposed to T-2 toxin under identical conditions, morphological
changes visible in the light microscope were detectable in CHO cells but not
in VERO., After exposure to 0.0l pg/ml toxin for 12 hrs, the major visible
change was an increasing number of CHO cells with surface blebs. The

percentage of cells displaying such blebs increased with increasing toxin

.-y



concentration and time of exposure. Affer a dose of 1.0ug/ml T-2 for 12 hrs,

followed by a toxin recovery period (12 hrs), the CHO cells did not revert
back tu control morphology (Fig. 2). In contrast, VERO cultures did not
demonstrate any change in LM morphology at any combination of toxin
concentrations cr times of exposure.

SEM axamination of the plasma membrane of these cells visualized the
morphological changes in greater detail., Fig, 3A (1.0 yg/ml-12 hrs) shows a
significant number of CHO cells with extensive surface membrane ovlebs not
found in control cultures. Neither control nor experimental (Fig. 3B, 1.0
pg/ml 12 hrs) VERO cells displayed surface blebs.

When cultures of both cell types were exposed to anisomycin or puromycin,
results were similar. Examination by LM and SEM revealed that CHO cells
exposed to either anisomfcin 10.06 pg/ml) or puromycin (35 yg/ml) developed
membrane blebs while VERO cells did not. Fig. 4 illustrates a sample CHO
culture exposed to anisowycin (0.06 pg/ml, 12 krs).

Sample TEM micrographs of CHO and VERO controls are shown in Figs. 5A and
5B, respectively. Both control ceil typ~s displayed generally similar
morphology. Each cell contained nuclei with prominent nucleoli and a relative
homogeneous chromatin distribution. The cytoplasm contained micrctubules,
thin filaments, golgi, ribosomes, numerous mitochrondria and limited rough
endoplasmic reticulum. Differences between the two cell types were noted
largely at the mitochondria. and ribosomal levels. CHO cell mitochondria
presented ,argely oval profiles with fine cristae and a h-mogenous matrix.
VERO cell mitochondria tended to display longitudinal profiles and denser
matrices. In both cell types, rough endoplasmic reticulum was limited and
polyribosome formation differed in appearance. CHO cell polysomes usually

appear as evenly distributed rosette formations. In addition to rosette
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shaped polysomes, VERO cells also contain numerous spiral formations (Fig. 5B,
box) not seen in CHO cultures.

Ultrastructural examination of CHO cells axposed to T-2 toxin (1.0 pg/ul,
12 hrs) revealed that the nucleus, nuclear membrane, chromatin, microtubules,
and thin filaments appeared unaltered. However, some alterations were ¥ff
observed at this 12 hr time period. In CHO cells, membrane blebs appeared as
non-fluid £illed structures containing ground substance, ribosomes, and an
occassional mitochoundrion (Fig. 6) The other noticable altevation was a
generalized dissaggregation of polysomes. This was first observed at a dose .
of 0.01 yg/ml of T~2 for 12 hrs, although not all cells exhibited it. By 12
hrs at a dose of 1.0 yg/ml, ribosomes appeared as monosomes scattered
homogeneously throughout the cytoplasm (Fig. 7A, CHO). » .

Although VERO cells did not exhibit surface membrane bleb formation,
there was a dissaggregaticn of polysomes (Fig. 7B). No spiral or rosette
polysomes were found, and monosomes were found homogeneously distributed in o
the cytoplasm. Even after a 12 hr recovery period for both cell types, A :
ribocomes appeared predominatly aa mono3omes. :ﬁi

Like T=2 toxin, both puromycin and anisomycin produced similar
morphological changes at corresponding concentration/time points. In CHO
cells, surface blebs were evident after 12 hrs exposure to either drug (Fig.
8). In both cell types, polysomes were disagiregated into monosomes after 1
hr exposure to either drug; transformation apppeared largely complete by 12
hrs. (Fig. &, CHO).

In both toxin and drug-treated VERO cells, and to a lesser degree, CHO
cells, mitochondria displayed an increase in matrical deasity, ballooning of

the intracristal space, and changes in cristae orientation (Fig. 9)- In

addition, VERO cultures contained occassional mituchondria with condensed




configurations (Fig. 9, inset). Despite the other changes, there was no outer
compartment swelling of the mitochondria, and the outer membrane remained

intact.

Discussicn

The ability of T-2 mycotoxin to inhibit protein synthesis in eukaroytisz
systems has been weli documentedz, but a review of the literature has revealed
limited information on its morphological or ultrastructural effects in
vitzoll, |

We chose to examine the morpholcogilcal effects of T-2 toxin on two
" cultured cell lices used in our laboratory to study uptake, internalization
and metabolism of T-2 in vitro. In addition, we correlated morphological
observations with inhibition of proteia synthesis, its major action in
vitro. Inhibition of protein synthesis was reversible at the low dose (0.C1
ug/ml), whereas at the higher dose (1.0 ug/ml), there was little recovery of
protein synthesis after removal of the toxin (Table 1).

It was clearly evident that T-2 toxin caused marked changes in the
surface morphology of CHO but not VERO cells, as evidenced by both IM and
SEM. The appearance of blebs on ths cell surface was reportea to be a
pathologicsl response to varjous insults, such as acute ischemia or inhibition
of glycolysis and cellular respirationlz. Whereas blebs caused by these
insults tend to be of low viscosity,lz, the blebs on the CHO cells were of the
same internal density as the cellular ground substance and did not appear to
be the result of water loss.

Because T-2 to>xin produced plasma membrane changes in CHO but not VERQ
cells, we examined its relationship to inhibition of protein synthesig. Two

antibiotics which inhibited protein synthesis by different mechanisms were

chosen. Anisomycin, like T-2, ig believed to interfere with initiation of
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protein synthesis by binding to the 605 ribosomal subunit and altering
peptidyl transferase activity13’14. Puromycin, can the other hand, interferes
with normal peptide bond formation and causes premature release of protein
chains!?, ;i;i
The mechsnism underlying T~2 induced bleb formation in CHO but not VERO R
cells is uncléar, although it appears that bleb formation 138 not a specific
alteration induced only by T=2. Since puromycin and anisomycin induced the
same pattern, it is tempting to suggest that CHO cells respond to inhibition
of protein synthesis by forming blebs, while VERO cells do not. It is also
possible that such formation is unrelated to inhibition of protein synthesis
and in CHO as with Hela cells,12 blebing 13 one of the earliest pathological :;;
responses to various insults. In addition, we have cousisteatly found that
VERO cells take up more T-2 toxin on a molecules/cell basis (manuscript in
preparation) and also exhibit greater inhibition of protein synthesfs rhan CHO ;;i;
cells under identical conditions (Table 1). This observation supports the ~—
conclusion that formstion of blebs in CHO cells is not the direct result of :4
inhibition of protein synthesis caused by T-2Z. ;;;
While examination of surface morphology revealed CHO wversus VERO
differences, examination of internal ultrastructura demonstrated mostly
similarities. The'nucleus remained largely unchanged in both CHO and VERO ;:;i

cells in response to T-2, purouycin, or anisomycin. The nuclear chromatin

distribution, nucleoiar appearance, and nuclear pores were similar to contral

cultures of both cell types. The only observed change was an increase in the S
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irregularity of nuclear shape in CEO cells exposed to T-2 or anisomycin.
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Irregular nuclear envelopes have been reported in human fibdroblasts exposed to
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T-le. This report also states that T-2 toxin causes margination cf

chromatinu This was not evident in our cells to an exteat greater than

controls.




The greatest interior changes were noted in the cytoplasmic compartment
of both cell types. Dissoclation ¢f polyribosomes was clearly the predominant
event. In VERO cells, spiral pclysomes and endoplasmic reticulvm bound
ribosomes were transformed to monosomes; while in CHO cells, rosette and
endoplasnmic reticulum-bound polysomes also disappeared. The concomitant
dissociation of polysomes !n puroamycin-and anisomycin-treated cells indicates
that, regardless of the specific mechanism of inhibirion of protein synthesis
(1.e. initiation versus terainatiun), polysomal disaggregation was a common
occurrence,

The other cytoplasmic organelle which appeared altered by toxin or drug
exposure was the mitochondrion. The increase noted in the intracristal space

({.e. balloouing) has not been reported in other cell systems exposed to T—le

Id
or other mycotoxinsl”. It is interesting to note that a mutant line of

Cﬁinese hawster lung fibroblasts defective in mitochondrial protein synthesis
displays mitochondria with ballooned or tubular ctiatae17. Furthermore,
chloramphenicol, which inhibits prokaryotis and mitochondrial ribosomal
protein synthesis, has been shown to cause a loss of cristae

17’18. Therefore, the ultrastructural effects of T-2 mycotoxin on

orientation
mitochondria may reflect inhibition of mitochondrial protein synthesis in
these cultured cells. Support for thia conclusion comes from studies with
isolated rat liver mitochondria which displayed a 70% inhibiticn of
mitochondrial protein srathesis in response to T-2 (Dr. Judith Pace,
manuscript in preparation). In additiom, recent work has shown that T-i
inhibits hepatic mitochondrial respiration, which may explain the occurrence
of occassional mitochrondria with coudensed cristae cbnfigutationslz’lg.

In summary, when CHO and VERO cells are exposed to various doses of T-2

mycotoxin, several promlinent morphological alterations occur. These include

surface bleb formation in CHO cells and dissociation of polysomes and

11




mitochondrial cristae changes in both cell types. While mitochondrial and
ribosomal changes appear directly related to inhibition of protein synthesis,
bleb formation does not. Further work is needed to elucidate the exact
mechanism of ultrastructural changes in cultured cells exposed to T-2 or other

mycotoxins.

12



Actnowledgement

The author wishes to thank Ms. Selene Watiwnt for her technicial assistance
with the experimental protcol and Dr. John Middlebrook, Dr. Judith Pace and
William Thompson for advice and council.

Disclaimer

The views of the author do not purport to reflect the positions of the

Department of the Army or the Department of Defense.

13




1.

2.

3.

4,

5.

6.

References

Ueno, Y. (1977) Mycotoxins in Human and Animal Health (Rodricks, J.V.,

Hesseitine, C.W., and Mehlman, M.A., Eds.) Pathotox, Park Forest South,

Illinois pp. 189=207

McLaughlin, C.S., Vaughan, M.H,, Campbell, I.M., Wei, C.M., Stafford,
M.E., and Hansen, B.S. (1977) Mycotoxins (Rodricks, J.V., Hesseltine,
C.¥. and Mehlman, M.A., Eds.) Pathotox, Part Forest South, Illinocis pp.

263~273

Hobden, A.N., and Cundliffe, E. (1980) Ribosomal resistance to the 12,13~
epoxytrichothecene antibiotics in the producing organism Myrothecium

verrucaria Biochem. J. 190, 765-770
Cannon, M., Jimenez, A., and Vazquez, D. (1976) Competition between
trichodermin and several other sesquiterpene antibiotics for binding to

their receptor site4s) on eukaryotic ribosomes Biochem. J. 160, 137-145

Ueno, Y. (1977) Mode of action of trichothecenes Ann. Nutr. Alim. 31,

885-900

Cundliffe, E., and Davies, J.E. (1977) Inhibition of initiation,
elongatiou, and termination of eukaryotic protein synthesis by

trichothecene fungal toxins Antimicrobial Agents and Chemother. 11, 491-

499

14



7.

8.

10.

11.

12.

13.

Cundliffe, E., Cannon, M., and Davies, J. (1974) Mechanism of inhibition

of eukaryotic protein synthesis by trichothecene fungal toxins Proc. Nat.

Acad. Sei. 71, 30-34

Gupta, R.S. and Siminovitch, L. (1978) Genetic and biochemical
characterization of mutants of CHO cells resistant to the protein

synthesis inhibitor trichodermin Somatic Cell Genetics 4, 355-374

Middlebrook, J.L. and Leathermann, D.L. (1982) Differential sensitivity

of reticulocytes to nicked and unnicked diphtheria toxin Exp. Cell Res.

138, 175-182

Trusal, L.R., Baker, C.J., and Guzman, A.W. (1979) Transmission and
scanning electron microscopy of cell monolayers grown on polymethylpentene

coverslips Stain Technol. 54, 77-83

O0ldham, J.W., Allred, L.E., Milo, G.E., Kindig, O. and Capen, C.C. (1980)
The toxicological evaluation of the mycotoxins T-Z and T-2 tetraol using

normal human fibroblasts in vitro Toxicol. and Appl. Pharmacol. 52, 159~

168

Trump, B.F. and Arstila, A.U., M.D. (1975) Principles of Pathobiology

(Lavia, M.F, and Hill, R.B., Jr., Ed.) Oxford University Press, New York

2nd ed., pp. 9-96

Barbacid, M. and Vazquez, D. (1974) [3H] anisomycin binding to eukaryotic

ribosomes J. Mol. Biol. 84, 603-623

15




14,

15.

l6.

17.

18.

19.

...............................

Grollman, A. P, (1967) Inhibitors of protein biosynthesis IL. Mode of

action of anisomycin J. Biol. Chem. 242, 3226~3234

Nathans, D. (1967) Antibiotics Mechanism of action (Gottlieb, D, and

Shaw, P.D., Ed.) Springer-Verlag, New York, pp. 263-299

Ueno, Y. (1983) Developments in Food Science (Ueno, Y., Ed.) Elsevier,

New York, vol. 4, pp. 147-162

Burnett, K.G., and Scheffler, I.E. (1981) Integrity of mitochondria in a

mammalian cell mutant defective in mitochondrial protein syntheeis J.

Cell Biol. 90, 108-115

Morais, R. and Giguere, L. (1979) On the adaptation of cultured chick

embryo cells to growth in the presence of chloramphenicol J. Cell

Physiol. 101, 77-88

Pace, J.G. (1983) Effect of T-~2 mycotoxin on rat liver mitochondria

electron transport system Toxicon 21, 675-680

16



Inhibition of Protein Synthesis by T-2 Mycotoxin in CHO and VERC Ceils

Table 1

Cell T-2 Toxin Dose (ug/ml)
Type
0.01 1.0
CHO % Protein Synthesis *,1
Exposure time / Racovery time
1 (hr) 91 £+ 4.8 19 £ 12.8
1 (hr) 12 (hrs) 99 £ 4,4 28 £ 6.1
12 (hrs) 81+ 9.1 16+ 5.6
12 (hrs) 12 (hrs) 100 £ 9.5 35 8.5
VERO
Exposure time / Recovery time
1 (hr) 36 £ 5.2 15 £ 2.9
1 (hr) 12 (hrs) 85 £ 23.4 19 £ 2.3
12 (hrs) 23 ¢ 3.1 15+ 2.9
12 (hrs) 12 (hrs) 100 £ 25.9 23 £ 1.8
*u Data equal mean of 5 experiments
Ta Values are expressed as percent of control protein synthesis where

controls equal 100%.
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Figgre Legends

Light micrograph of control cell cultures (A) CHO, (B) VERO, Bar =

lq.lo

Light micrograph of CHO cells exposed to 1.0 ug/ml T=2 toxin for 12

hrs foiiowed by medium for 12 hrs. Note blebs on most cells

(arrows)., Bar = 10y.

SEM micrographs of cell cultures exposed to T-2 toxin (A) CHO
cells, 1.0 ug/ml T-2, 12 hrs. Note surface membrane blebs

(arrows). (B) VERO cells, 1.0 pg/ml T-2, 12 hra. Bar = 1Qu.

SEM micrograph of CHO cells exposed to 0.06 ug/ml of anisomycin for

12 hrs. Note bleb formations on plasma membrane (arrows). Bar =

10u.

TEM micrographs of control cell cultures (A) CHO, (B) VERO. Note

spiral polysomes (box)., Bar = ly.

TEM micrograph of CHO cells exposed to 1.0 yg/ml T=-2 toxin for 12

hrs. Note membrane bleb formation. Bar = ly.

TEM micrographs of cell cultures exposed to 1.0 yg/ml I=2 for 12

hrs. Note monosomes in both cell types. (A) CHO, (B) VERO. Bar =

lu'
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Figure 8.

Figure 9.

TEM micrograph of CHO cells exposed to 35 ug/ml of puromycin for 12

hrs. Note membrane blebs and dissoclated pclysomes. Bar = Iy

TEM micrograph of VERO cells exposed to 0.0l yg/ml T-2 toxin for 12
hrs. Note bailooned and disorientated cristae forrations

(arrows). 1Inset = Note condensed cristae formations in several

mitochondria. Bar = l,,
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